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Tests vere conducted on six "bodies of revolution in the Cornell
Aeronautical Laboratory 8-Foot Transonic Wind Tunnel. Five of the
bodies were identical in regard to maximum body diameter and area
distribution,'but of different fineness ratios. An additional body
was tested to obtain pressure distribution data.
The tests were conducted at Mach numbers from 0.60 to 1.02 at
constant Reynolds numbers of 2.0, 3.0, and U.O x 10s per foot. The
test angle of attack was 0°. .
This report presents details of the test program, an outline
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SECTION I SUMMARY
Aerodynamic tests were conducted on six NASA Langley bodies of
revolution in the Cornell Aeronautical Laboratory (CAL) 8-Foot Transonic
Wind Tunnel. Body-11, tested during January, 1971, was one specific design
from a series of several bodies of revolution. The five fineness ratio (F. R.)
models, tested during March, 1971, represented a new family of bodies, all
identical in regard to maximum body diameter and area distribution, but of
different fineness ratios. These tests were performed in order to define the
transonic drag raise with variations in body fineness ratio, and to obtain
pressure distribution data for Body-11.
These tests were conducted at Mach numbers from .60 to 1.02, at
constant Reynolds numbers of 2. 0, 3. 0 and 4. 0 x 10 per foot, at angles of
attack from -1 to +1 degree for Body-11 model, and zero degrees angle of
attack for all the fineness ratio models.
This report presents details of the test program, an outline of the




SECTION II TEST EQUIPMENT
Installation
Six bodies of revolution models were designed and fabricated by the
NASA Langley Research Center, Hampton, Virginia. These models were
sting mounted in the test section as shown in Figure 2, model photographs,
and Figure 4, installation drawings. A complete description of the CAL
8-Foot Transonic Wind Tunnel is presented in Reference 1.
Models and Instrumentation
Geometric ordinates for the various fineness ratio bodies are
presented in Figures 5a and 5b. Forces and moments for these models were
measured with a NASA-829 internal six-component strain gage balance. A
single balance thermocouple was used to monitor the balance temperature;
however, no corrections due to modulus of elasticity change was required for
this balance. Two model cavity pressures were located on the sting (180
degrees opposed) and 0. 5 inches aft of the balance aft end. The cavity
pressure lines were routed externally along the sting to the CAL Automan-
ometer located in the sphere plenum.
Body-11 geometric ordinates are listed in Figure 5c. Forces and
moments for this model were measured with a NASA UT12-20 internal six-
component strain gage balance. A single thermocouple installed inside this
balance determined a temperature to correct the balance strain gage readings
for modulus of elasticity due to balance temperature change. A total of 50
external static pressure orifices were installed on this model as detailed in
Figure 5d. Pressure lines from these orifices were connected to two Scani-
valves located in the model nose section. Three model cavity pressures were
located on the sting periphery (120 degree increments) and 16. 2 inches aft
of the balance front end. These cavity pressure lines were routed externally
along the sting to the CAL Automanometer located in the sphere plenum. A
single electrolytic (bubble) potentiometer was mounted inside the model and
was set to indicate zero degree balance angle of attack.
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SECTION II TEST EQUIPMENT (CONT.)
Models and Instrumentation - continued
All configurations were tested with fixed boundary layer transition
trip strips installed as detailed further in Section III, configuration nomen-
clature.
All strain gages, pressure transducers, and thermocouple outputs
were connected to CAL automatic digital readouts located in the control
room. (See Reference 1.) Data from these channels along with the tunnel
conditions were recorded on punched cards for subsequent electronic data
reduction.
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SECTION III NOMENCLATURE AND SYMBOLS
The following nomenclature is used throughout this report:
Tunnel Conditions
V Free-stream velocity - feet per second
H Free-stream total pressure - pounds per square foot
p Free- stream static pressure - pounds per square foot
r H 2/? 1M Computed free -stream Mach number = 5 ( - ) -5
c I P J
V Ratio of specific heats of air = 1.400







T Free- stream total temperature - degrees Rankine
T Computed free -stream static temperature - degrees Rankine
= T ( 1 + . 2M2)\ c/o
N 0 x l O ~ Free-stream Reynolds number - per foot
XV
r 216 + T i
= 1.2322 pM 2i "j1 j
Note: Data for the above nomenclature is presented in Tables IIA and IIB.
Reference Dimensions (FINENESS RATIO BODIES)
S Cross sectional reference area based on body diameter
= 0. 03409 square feet
S. Wetted reference area for F. R. 4 body = 0. 4452 square feet
S, Wetted reference area for F. R. 6 body = 0.6670 square feet
S Wetted reference area for F. R. 8 body = 0. 8902 square feet
5
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SECTION III NOMENCLATURE AND SYMBOLS (CONT.)
Reference'Dimensions (FINENESS RATIO BODIES) - continued
Sq , Wetted reference area for F. R. 9. 1 body = 1.0094 square feet
S,0 Wetted reference area for F. R. 10 body = 1. 1072 square feet
S Balance cavity area = 0. 0112 square feet
d Maximum body diameter = 2. 50 inches
Reference Dimensions (Body - 11)
S Cross sectional reference area based on body diameter
= 0.13889 square feet
S Balance cavity area = 0. 00866 square feet
d Maximum body diameter = 5. 00 inches
a Model angle of attack with respect to body longitudinal
centerline - degrees
Note: Body and balance centerline s were coincident for all models.
Cavity Pressure and Incremental Correction Coefficients
p Model cavity pressure - pounds per square foot
x
where subscript 'x1 denotes related cavity pressures
"x" = 1 and 2 for bodies F. R. 4, 6, 8, 9. 1, 10
"x" = 1 , 2 and 3 for Body - 11
C Model cavity pressure coefficient = "c
c
 zx q
C Averaged model cavity pressure coefficient




SECTION III NOMENCLATURE AND SYMBOLS (CONT.)
Cavity Pressure and Incremental Correction Coefficients - continued
AC Incremental axial force correction due to balance cavity
c





 A Incremental axial force correction due to balance cavity
pressure and based on the individual body wetted reference
S
areas = gC C , for bodies F. R. 4, 6, 8, 9. 1, 10 only.
w *c
avg
Note: Data for the above quantities are presented in Tables VA and V B.
Model Forces and Moments - Body Axis System
N Normal force - pounds
m Pitching moment - inch - pounds
Y Side force - pounds
n Yawing moment - inch - pounds
i Rolling moment - inch - pounds
A Axial force, uncorrected for balance cavity pressure - pounds
C,THM Normal force coefficient =
C Pitching moment coefficient = m
m
 qSd
YCv Side force coefficient = — c —Y qo
C Yawing moment coefficient = — e-j—
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SECTION III NOMENCLATURE AND SYMBOLS (CONT.)
Model Forces and Moments - Body Axis System - continued
C^ Rolling moment coefficient = MI
A
C . Uncorrected axial force coefficient = r>—
A Axial force coefficient corrected for balance
cavity pressure = C + AC .
i J\ -f\
u c
Note: (1) Coefficients listed above were computed based on the respective
model maximum body diameter area. These data are presented in Tables
IIIA and IIIB.
(2) An additional set of body axis system coefficients were computed
based on the respective wetted body areas for bodies F. R. 4, 6, 8, 9. 1, 10
and are denoted by subscript "w. " These data are presented in Table IV.
Pressure Coefficients, Body - 11
p Static pressure - pounds per square foot
where subscript "y" denotes the respective pressure orifice
number and location as indicated in Figure 4d.
C Pressure coefficient =p
Longitudinal distance aft of the model nose to the respective
pressure orifice number "y. "
Length of Body - 11 = 47. 500 inches
Fractional distance aft of the model nose to the respective
pressure orifice number "y"> sge Figure 5d.
8
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SECTION III NOMENCLATURE AND SYMBOLS (CONT. )
Configuration Symbols
F. R. 'z1 Fineness Ratio model, where 'z1 denotes the respective
F. R. body: 4, 6, 8, 9.1, 10. See Figures 5a and 5b for
actual model ordinates.
Body - 11 See Figure 5c for actual model ordinates.
Boundary layer transition strips were installed on all models as follows:
a), leading-edge of transition strip = 0. 25 x/£
b). width of transition strip = 0. 050 inches
c). No. 120 sifted carborundum grit, sparse density
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SECTION IV TEST PROCEDURES
Calibrations
Both NASA balances were calibrated prior to testing in accordance
with procedures described in Reference 2. These calibrations were performed
at ambient and elevated temperatures in order to determine the primary
sensitivity constants and modulus of elasticity effect due to balance temperature
change. The NASA UT12-20 main balance did not require a modulus of
elasticity correction; however, the NASA-829 main balance did. The method
by which these corrections were applied is discussed further in Section VI.
NASA Langley supplied all the interaction terms required to compute the
measured balance forces and moments, as determined at the test sponsor's
facility. In the tunnel calibration check loads were applied directly to the
models prior to testing. Calculated results from the loadings agreed within
1/4 of 1 percent of full scale design balance loads. See Section VII for
additional information concerning accuracies of the balance calibrations.
All pressure transducers were calibrated in accordance with
procedures described in Reference 3. The calibrations were performed in
order to determine the individual transducer calibration constant, linearity
and repeatability. The actual transducer constants were calculated at each
data point by applying known end-point pressures. Results of all the above-
mentioned calibrations are on file at CAL.
Operations
The fineness ratio model test program consisted of 64 force data
runs and 10 oil flow visualization runs as detailed in Table I. The pod
potentiometer system was used to set zero degrees model angle of attack
for all these test runs. Zero degrees angle of attack was defined as that
angle setting which resulted in a balance normal force output of zero. Seven
consecutive data points were recorded at each test condition, and averaged as
detailed further in Section V. All models were tested at a
J O
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SECTION IV TEST PROCEDURES (CONT.)
Operations - continued
constant Reynolds number of 3. 0 x 10 per foot throughout the Mach number
range. In addition, the F. R. 4 model was also tested at Reynolds numbers
of 2. 0 and 4. 0 x 10 per foot. Body F. R. 10 was scheduled to be tested at
Reynolds number of 4. 0 x 10 ; however, due to excessive main balance
dynamic load (in the side force direction), this model was not tested at
this operating condition. The F. R. 10 model was tested at a Reynolds number
of 2. 0 and 3 . 0 x 1 0 per foot, where the main balance dynamic loads were
observed to be within limits.
Body - 11 test program consisted of eleven force and pressure data
runs as detailed in Table I. No oil flow visualization photographs were taken
with this model. All runs were tested at a constant Reynolds number of
3 . 0 x 1 0 per foot over an angle of attack range of ±1. 0 degrees in 0. 5 degree
increments. A single electronic null indicator bubble, set at zero degrees
balance angle of attack was used to set this model attitude. All other model
angles of attack were set using the pod potentiometer system.
Oil flow visualization data runs were separate and independent from
the force data runs. The fineness ratio models were painted with white lacquer
and polished prior to testing. The model nose region and 0. 20 inches aft of
the trip strips remained unpainted. Oil flow visualization photographs were
taken during F. R. 4 model tests, at Reynolds numbers 2. 0 and 3. 0 x 10 , and
for F. R. 10 model, at Reynolds number 2. 0 x 10 .
Wind-off zeros were recorded before and after each run or group of
runs. All runs tested were within the acceptable drift limit of 0. 2 percent of
the full calibration applied loadings.
NASA Langley was represented by Mr. L. Wayne McKinney during
these tests. '
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SECTION V PRESENTATION OF DATA
A run schedule detailing the various model configurations and
nominal test condition for both test periods is presented in Table I. Actual
tunnel operating conditions for each run and point are presented in Table IIA
for the fineness ratio models (F. R. 4, 6, 8, 9. 1, 10) and Table IIB for
Body-H model.
Force and moment coefficient data were resolved to the body axis
system shown in Figure 6, and corresponding to the balance centerlines.
Body axis coefficient data for the fineness ratio models are presented in
Table IIIA, and Table IIIB for the Body-11 model. Coefficients presented in
Tables IIIA and IIIB were computed based on the respective maximum body
diameter area. An additional set of body axis coefficient data, listed in Table
IV, was computed for the fineness ratio models based on the respective model
wetted area.
Cavity pressure coefficients and incremental axial force correction
coefficients are presented in Table VA for the fineness ratio models, and in
Table VB for Body - 11 model. Body - 11 external surface static pressure
coefficients are listed in Table VI. All of these pressure orifices were
operative throughout this entire test program except orifice number 6.
Coefficient data for this pressure orifice has been omitted from Table VI
data list. Refer to Figure 5d for pressure orifice number and model location.
Seven consecutive data points were recorded at each particular
test condition during the fineness ratio model test program as per test
sponsor's request. These coefficients were averaged arithmetically and
comprise the data listed in Tables IIA, IIIA, IV and VA. Only one data point at
each particular test condition was recorded during the Body - 11 test program.
Section VII lists the standard deviations for all coefficients recorded during
both test programs.
Oil flow visualization photographs were only taken during F. R. 4
and 10 model tests, at select Mach numbers and Reynolds numbers. Results
of these investigations are presented in Figures 3a to 3f. No coefficient data
for these runs have been included in this report.
2
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SECTION V PRESENTATION OF DATA (CONT.)
Axial force coefficient data at zero degrees angle of attack is
plotted versus Mach number, as Figures 7 to 9 for the fineness ratio models,
and Figure 19 for Body-11 model. Incremental cavity pressure correction
coefficients for these same configurations are presented in Figures 10 to 12.
All the coefficients presented in Figures 7 to 12 and 19 were computed based
on the respective model body diameter area. Axial force and incremental
cavity pressure correction coefficients computed based on the respective
fineness ratio model wetted area, are presented in graphical form as Figures
13 to 18. Body-11 pressure distribution coefficients at zero degrees angle of
attack are presented in graphical form as Figures 20a to 20k.
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SECTION VI CORRECTIONS TO DATA
No wind tunnel wall corrections have been applied to the data
presented in this report to account for the blocking effect of the model or
for wall constraining effects on transverse flow. Within the limitations of
theoretical computations, these corrections are believed to be negligible in
this perforated test section with the model installed. No buoyancy correction
was made to axial force, as the clear tunnel pressure gradients in the vicinity
of the models tested are negligible. Results of some recent studies of wall
effects and blockage, and calibration data for the CAL 8-Foot Tunnel will be
presented in Reference 4.
Balance Corrections
Both main balances used during these test programs were corrected
for mechanical interactions inherent to the particular balance system, using
interaction coefficients furnished by NASA-Langley. In addition the NASA-829
balance (used with F. R. 4, 6, 8, 9. 1, 10 models) was also corrected for a
modulus of elasticity effect. The temperature modulus of elasticity correction
was applied to the balance axial force strain gage readings only, prior to the
mechanical interaction correction. These correction factors were obtained
during the balance static calibrations and are on file at CAL
Static tare data was obtained for each model configuration and
applied to the balance forces and moments prior to computation of these
coefficients. The magnitude of these corrections however, was observed to
be insignificant over the limited model angle of attack range tested.
Model angles of attack measured with the pod system were corrected
for sting and balance deflections due to aerodynamic loads. Values of these
corrections were obtained from the static loading calibration of the balance.
Angles of attack set by the bubble system include the balance and sting de-
flection due to aerodynamic loads; therefore, no corrections were applied.
Balance cavity pressures were used to correct the measured
axial force to a condition corresponding to free-stream static pressure acting
over the balance cavity area.
14.
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SECTION VII PRECISION OF DATA
It is estimated that the model geometric angles of attack are
accurate to within ±0. 03 degrees.
Accuracy of the two strain gage balance systems used during
these test programs were determined statistically by calculating the root
mean square of the deviation between the applied and calculated loadings.
The calculated loads were determined by using the final balance constants and
balance readings produced by known static loads. These results are presented
below:
Root Mean Square Deviations
Component NASA - 829 NASA UT12-20
Normal Force - pounds ± 0. 212 ± 0. 083
Pitching Moment - inch-pounds ± 0. 042 ± 0. 258
Side Force- pounds ± 0. 008 ± 0. 051
Yawing Moment - inch-pounds ± 0. 045 ± 0. 303
Rolling Moment - inch-pounds ± 0. 014 ± 0. 0511
Axial Force - pounds ± 0. 006 ± 0. 023
All pressure transducers were calibrated to an accuracy of ± 0. 5
pounds per square foot.
No satisfactory method is known for determining the absolute
accuracy of the final coefficients. However, since the test procedure includes
the repetition, of at least one model attitude during each run for Body-11 model
tests, an estimate can be made of the repeatability with which these data were
measured. For the fineness ratio models, only zero degree angle of attack
data was recorded. However, seven consecutive data points were recorded
at each test condition, and the arithmetical averaged results are only presented
in the tabulation of this data. The RMS deviations of these coefficients (data
repeatability) were obtained based on the first recorded data point of each run
with respect to the next six successive data points. All the data runs from
this test period were used in the calculations of these values, as listed below.
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Test Conditions (F.R. 4, 6, 8, 9.1, 10)
Test Conditions (Body - 11)
Body Axis Force and Moment Coefficients Based on
Body Diameter Area (F. R. 4, 6, 8, 9.1, 10)
Body Axis Force and Moment Coefficients Based on
Body Diameter Area (Body - 11)
Body Axis Force and Moment Coefficients Based on
Body Wetted Area (F. R. 4, 6, 8, 9.1, 10)
Cavity Pressure Coefficients and Incremental Axial
Force Correction Coefficients (F.R. 4, 6, 8, 9.1, 10)
Cavity Pressure Coefficients and Incremental Axial
Force Correction Coefficients (Body - 11)
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1 Cornell Aeronautical Laboratory, 8-Foot Transonic
Wind Tunnel
2 Model Photographs
3 Oil Flow Photographs
4a Installation Drawing (F. R. 4, 6, 8, 9.1, 10)
4b Installation Drawing (Body - 11)
5a Model Drawing (F. R. 4, 6, 8, 9. 1, 10)
5b Geometric Model Ordinates (F. R. 4, 6, 8, 9.1, 10)
5c Geometric Model Ordinates, Body - 11
5d Pressure Orifice Location, Body - 11
6 Body Axis Sign System and Positive Sign
Convention
Fineness Ratio Models
7-9 Axial Force Coefficient versus Mach Number at
a = 0 , Based on Body Diameter Area
1 0 - 1 2 Incremental Cavity Pressure Correction Coefficient
versus Mach Number at a = 0 , Based on Body Diameter
Area
1 3 - 1 5 Axial Force Coefficient versus Mach Number at
a = 0 , Based on Body Wetted Area
16 - 18 Incremental Cavity Pressure Correction Coefficient
versus Mach Number at a = 0 , Based on Body Wetted
Area
Body - 11
19 Axial Force and Incremental Cavity Pressure
Correction Coefficient versus Mach Number at
a = 0 , Based on Body Diameter Area
























































CONFIGURATION F.R. 4, MC = 1.008, NR = 2.002 x 10*
CONFIGURATION F.R. 4, MC = .798, NR = 1.987 x 10fc
OIL FLOW PHOTOGRAPHS




CONFIGURATION F.R. 4, MC = 1.011, NR = 2.965 x 10e
CONFIGURATION F.R. 4, MC = 1.000, NR = 2.980 x 10*
OIL FLOW PHOTOGRAPHS




CONFIGURATION F.R. 4, MC = .990, NR = 2.984 x 106
CONFIGURATION F.R. 4, MC = .981, NR = 2.984 x 10*
OIL FLOW PHOTOGRAPHS




CONFIGURATION F.R. 4, MC = .950, NR = 2.990 x 10*
CONFIGURATION F.R. 4, MC = .900, IMR = 2.993 x 10*
OIL FLOW PHOTOGRAPHS




CONFIGURATION F.R. 4, MC = .850, NR = 3.005 x 10*
CONFIGURATION F.R. 4, MC = .800, NR = 2.998 x 10*
OIL FLOW PHOTOGRAPHS




CONFIGURATION F.R. 10, MC = 1.010, NR = 2.000 x 10*
CONFIGURATION F.R. 10, MC = .798, NR = 1.990 x 10*
OIL FLOW PHOTOGRAPHS





































































































































































































GEOMETRIC MODEL ORDINATES {F.R. 4, 6, 8, 9.1, 10)


































































































NOTE: (1) BODY-11 LENGTH ( £ ) = 47.50 INCHES, HAS BEEN
SHORTENED FROM ACTUAL THEORETICAL LENGTH
IN ORDER TO PROVIDE FOR STING CLEARANCE
(2) MAXIMUM BODY DIAMETER (d) = 5.00 INCHES
GEOMETRICAL MODEL ORDINATES, BODY-11
























































































































(1) PRESSURE ORIFICES 1 TO 38 WERE LOCATED ALONG TOP MODEL
CENTERLINE.
(2) PRESSURE ORIFICES 39 TO 42 WERE LOCATED 90° FROM TOP OF
MODEL, RIGHT SIDE.
(3) PRESSURE ORIFICES 43 TO 46 WERE LOCATED 180° FROM TOP OF
MODEL, BOTTOM CENTERLINE.
(4) PRESSURE ORIFICES 47 TO 50 WERE LOCATED 90° FROM TOP OF
MODEL, LEFT SIDE.
PRESSURE ORIFICE LOCATION, BODY-11





BODY AXIS SYSTEM AND POSITIVE SIGN CONVENTION




AXIAL FORCE COEFFICIENT VS MACH NUMBER , oC = 0
BASED ON BODY DIAMETER AREA '
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^a -•;•- , QQ.u__
WPCH
MODEL SCALE
INCREMENTAL CAVITY PRESSURE CORRECTION COEFFICIENT VS MN
BASED ON BODY DIAMETER A R E A , oC = 0°


































MODEL SCALE FIGURE 9
DATE MAR '71
AXIAL FORCE COEFFICIENT VS MACH NUMBER , oc . 0°
BASED ON BODY WETTED AREA
MACH NO. VAR.
CONFIG.





















MODEL SCALE FIGURE 1O
INCREMENTAL CAVITY PRESSURE CORRECTION COEFFICIENT VS M
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AXIAL FORCE COEFFICIENT VS MACH NUMBER , oc=0
BASED ON BODY DIAMETER AREA
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INCREMENTAL CAVITY PRESSURE CORRECTION COEFFICIENT VS M
BASED ON BODY DIAMETER AREA , od = 0°
N
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MODEL SCALE
AXIAL FORCE COEFFICIENT VS MACH NUMBER , oc ^  0°
BASED ON BODY WETTED AREA
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MODEL SCALE FIGURE 14
INCREMENTAL CAVITY PRESSURE CORRECTION COEFFICIENT VS M





CORNELL AERONAUTICAL LABORATORY INC. 8' TRANSONIC WIND TUNNEL
MODEL SCALE FIGURE: 15
DATE MAR. '71
AXIAL FORCE COEFFICIEN^ VS MACH NUMBER , oC=0°
BASED ON BODY DIAMETER AREA
MACH. NO. VAR.
CONFIG.
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MODEL SCALE FIGURE 16
INCREMENTAL CAVITY PRESSURE CORRECTION COEFFICIENT VS M





CORNELL AERONAUTICAL LABORATORY INC. 8' TRANSONIC WIND TUNNEL
MODEL SCALE
AXIAL FORCE COEFFICIENT VS MACH NUMBER , oc ^  0°
BAiED ON BODY WETTED AREA
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MODEL SCALE FIGURE i.8
INCREMENTAL CAVITY PRESSURE CORRECTION COEFFICIENT VS M





CORNELL AERONAUTICAL LABORATORY INC. ' '8  TRANSONIC WIND TUNNEL
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